The aim of the study is to determine how specific EEG findings during neonatal period correlate with clinical outcome on follow-up. This is a retrospective study of 118 term newborns who had EEG in the first month of life and subsequent clinical assessment between 4 and 16 years. Clinical neurologic outcome was classified into "favorable" when patients had no or only mild limitation in assessment, "unfavorable" when patients had moderate to severe abnormalities in assessment, and "epilepsy" when patients had seizures. Of the 118 neonates, 36 (30.5%) had favorable and 82 (69.5%) had unfavorable outcome; 89 (75.4%) had epilepsy and 28 (23.7%) had not. Sixty-seven (57%) had abnormal EEG background of which 56 had both unfavorable outcome and epilepsy; 102 (86%) had sharp transient discharges of which 75 had unfavorable outcome; 20 (17%) had ictal epileptiform discharges of which 18 had unfavorable outcome; 98 (83%) had abnormal overall EEG impression of which 77 had unfavorable outcome and 80 had epilepsy. Abnormal EEG background (particularly suppression) during neonatal period may be predictive of Unfavorable outcome. Overall impression of EEG may be predictive of clinical outcome, even when individual parameters were not predictive. Other findings did not appear to be predictive.
P
revious studies had shown neonatal EEG to be a predictor of clinical outcome (Dreyfus-Brisac and Monod, 1975; Kellaway and Mizrahi, 1990; Lombroso, 1980; Lombroso and Holmes, 1993; Monod et al., 1972; Rose and Lombroso, 1970; Rowe et al., 1985; Tharp et al., 1981; Watanabe et al., 1980) . Abnormal EEG background patterns were found to be more significant than sharp transient discharges (STD) (Holmes et al., 1982; Hrachovy et al., 1990; Rose and Lombroso, 1970; Rowe et al., 1985) . Abnormal low-voltage background was associated with Unfavorable outcome (Lombroso, 1985; Monod et al., 1972; Rose and Lombroso, 1970; Rowe et al., 1985; Tharp et al., 1981) , but some of these conclusions were tentative and based on very few cases. Monod et al. (1972) studied various EEG patterns in 270 mixed neonatal cohort (135 full-term babies); they found that normal EEG was prognostic for favorable outcome (normal or minor neurologic sequelae), and certain EEG patterns (e.g., inactive or paroxysmal EEG, low voltage with theta rhythm, persistent absence of occipital activity, abnormal anterior activity, and fast spikes) were prognostically Unfavorable (major sequelae or early death). Tharp et al. (1981) reported on 81 preterm neonates and classified their recordings as severely abnormal if they contained at least one of the following patterns: isoelectric background, positive rolandic sharp waves, "EEG seizures," STD on an isoelectric background, excessive interhemispheric asynchrony Ͼ50%, persistent interhemispheric voltage asymmetries, and excessively slow background. It is fair to note that some of the criteria from these two reports may not be used to denote severe abnormality today. Thus, there is uncertainty as to whether some of their "severely abnormal" EEGs should in fact be considered less severe.
Neonatal EEG epileptiform activity was not found to be a significant predictor for clinical outcome by Rowe et al. (1985) . Ictal epileptiform discharges (IED) with or without clinical signs were correlated with Unfavorable outcome (Holmes et al., 1982; Legido et al., 1991; McBride et al., 2000; Rowe et al., 1985) . Positive rolandic sharp wave was correlated with the occurrence of intraventricular hemorrhage and white matter injury, but their prognosis was unclear (Blume and Dreyfus-Brisac, 1982; Chung and Clancy, 1991; Clancy and Tharp, 1984; Lombroso, 1985; Tharp et al., 1981) .
Some of these previous studies had limitations such as short duration follow-up, small cohort size, mixed cohort of premature and term neonates, lack of uniform interpretation of EEG findings, few details of neurologic outcome, and limited numbers of cases with certain abnormal findings [e.g., the low-voltage conclusion of Rose and Lombroso (1970) was based on five cases]. The aim of this study is to determine how specific EEG findings during the first month of life correlate with long-term clinical outcome in a larger cohort of only term neonates.
MATERIALS AND METHODS

Population
We reviewed our EEG database at British Columbia (B.C.) Children's Hospital for the period 1992-2009. Inclusion criteria were (1) gestational age between 37 to 42 weeks; (2) one or more EEG in the first month of life; and (3) at least one clinical assessment on follow-up between 4 and 16 years. Those who had inadequate clinical outcome data on follow-up were excluded. The EEGs were ordered as part of clinical assessment for suspected cerebral dysfunction. Referrals were from all over the province of B.C. to Children's Hospital at Vancouver, which is the only pediatric tertiary referral center in B.C. with pediatric neurophysiology and neurology services. Our study population consisted of 1,631 term neonates, from which 118 neonates met the inclusion criteria, comprising 164 neonatal EEGs and 742 follow-up visits (906 total).
Technical Recoding
EEGs were recorded in the special care nursery or our laboratory using a 12-channel neonatal 12.5-25 System of electrode placement as per recommendations of the International Federation of Societies for EEG and Clinical Neurophysiology (1983) . Bipolar longitudinal montage was used in EEG interpretation. Additional channels were used for monitoring electrocardiogram, eye movement, and respiration. Recordings were usually for 45 to 60 minutes with active and quiet sleep. The standard of recording and interpretation remained unchanged from 1992 till the present.
Data Coding
Interpretation of EEGs followed procedures prescribed by Bickford et al. (1992) . Background symmetry is when EEG activities are relatively equal in amplitude, frequency, and morphology over homologous areas of both cerebral hemispheres. Synchrony is when EEG activity occurs simultaneously over both hemispheres. Background continuity is normal when periods of higher voltage (bursts) alternating with periods of lower voltage (flats) particularly during quiet sleep are deemed appropriate for age [for example, see Bickford et al. (1992) ]. State concordance is when active and quiet sleep states have appropriate behavioral manifestation. Background suppression is present when background activity voltage was persistently below 15 to 20 V during wakefulness or active sleep and below 40 V during quiet sleep [Bickford et al. (1992) ; this corresponds to "low-voltage" record of Monod et al. (1972) ].
Data coding used in this study was based on the B.C. Children's Hospital neurophysiology laboratory EEG Classification System (Wong, 1996) . Significant EEG findings were combined if two or more recordings were done in the study period. Neonatal EEG findings were coded for EEG background parameters (background amplitude, symmetry, synchrony, continuity, state concordance, maturity, and reactivity), STD (excluding expected normal activities such as transient frontal sharp waves), IED (ictal pattern was defined as an evolving rhythm in frequency, morphology, and amplitude lasting Ͼ10 seconds, with or without clinical sign), and overall EEG impression. Clinical history was obtained from the health record or family by the EEG personnel and updated during each EEG visit; these included development milestones, school performance, neurologic examination findings, and epilepsy on follow-up and were all used in the determination of clinical outcome.
Data Analysis
All neonatal EEGs were reviewed in blinded fashion by both authors without knowledge of clinical information, as was the routine practice. Abnormal background was deemed when two or more background features were abnormal. In records with background suppression, those with possible technical confounding factors were excluded, such as intravenous antiepileptic drug, postictal hypothermia, focal suppression, and age Ͻ24 hours after delivery. STD were coded independently for each type (e.g., focal, multifocal, and positive sharp waves). The determination of overabundance is dependent on what would normally be expected for each given age and state. Sharp transients were coded as overabundant per Rowe et al. (1985) : frequent multifocal occurrence in all states Ͼ5 spikes/ hour, persistently focal occurrence in any state, and rolandic positive sharp waves. Ictal epileptiform activities were coded for location, duration, and frequency of the evolving rhythm.
For overall EEG impression, when the recording was normal or had only mild abnormality (e.g., borderline overabundant multifocal sharp waves), it was called "Normal EEG." However, when moderate to severe abnormality was present in two or more EEG parameters (e.g., abnormal background, sharp transient, and IED), it was called "Abnormal EEG." EEG severity was graded as moderately abnormal when abnormalities such as STD were frequent and EEG background was mildly abnormal and severely abnormal when abnormalities were persistent and no normal background activity was preserved (e.g., background suppression).
Several categories of clinical outcome were analyzed. Developmental millstones were normal when the child was normal or had mild abnormality (slow for age in regard to motor and speech); developmental delay was when the child had delayed motor and speech for age. School performance was normal when the child was in the appropriate grade for age or had only mild difficulties that required assistance; school performance was abnormal when the child required special program or had marked intellectual disability. Normal neurologic examination was when the child had no abnormality on examination.
Clinical outcome was classified into neurologic and epilepsy outcomes. A favorable neurologic outcome was defined when the patient was normal or had only mild limitation in clinical outcome parameters in regard to developmental milestones, school performance, and neurologic examination. Unfavorable neurologic outcome included moderate to severe abnormalities in these clinical outcome parameters (i.e., not being independent for activities of daily living). Epilepsy outcome on follow-up was indicated when patients had recurrent seizures that required antiepileptic drug.
Univariate analysis (cross-tabulations) between neonatal EEG findings and long-term neurologic clinical outcome parameters was performed.
2 statistical significance level was P Ͻ 0.05 nominally, but we used P Ͻ 0.001 after Bonferroni correction to account for multiple testing. The results were used to suggest which parameters might potentially be predictive of later outcome and for hypotheses generation.
RESULTS
The median gestational age in our cohort was 40 weeks. Median age for first visit was 5 days and for follow-up was 8 years. Underlying etiology had been identified in 99 neonates, and those who had no diagnosis were either normal or no etiology was found (Tables 1 and 2 ). However, patients with known second central nervous system insult during early childhood were excluded. Thirtysix neonates had favorable neurologic outcome and 82 had unfavorable outcome. Twenty-eight neonates had no epilepsy on follow-up, 89 had epilepsy, and 1 patient was excluded due to unclear epilepsy outcome. Also, the EEG findings in correlation to clinical outcome were further analyzed using narrow age bands (4 -7, 8 -11, and 12-16 years) . The results of long-term clinical outcome will be reviewed in the following subcategories.
Background
Forty-five (40%) neonates had normal background and 67 (60%) had abnormal background (Table 3) , of which 56 had unfavorable neurologic outcome (P ϭ 0.000); another 56 of these 67 had epilepsy on follow-up (P ϭ 0.000, Table 3 ). Asynchrony and discontinuity were correlated with epilepsy outcome on follow-up (P ϭ 0.000) but not with neurologic outcome (P Ͼ 0.001). Asymmetry and disconcordance were not correlated with any outcome parameters (P Ͼ 0.001). Fifty-seven neonates of 118 had background suppression, 50 having unfavorable neurologic outcome (P ϭ 0.000), and 49 had epilepsy on follow-up (P ϭ 0.041). Surprisingly, background suppression was correlated with each neurologic outcome parameter (P ϭ 0.000, Table 4 ) when analyzed individually, except with epilepsy outcome. Forty-six neonates with background suppression had abnormal EEG findings on subsequent visits (age Ͼ1 month to 16 years), of which 20 continued to have background suppression during the first year of life and 10 of these 20 persisted to have background suppression on follow-up EEG at age older than 4 years. The underlying etiology of background suppression was identified in 56 neonates (Tables 1 and 2 ).
Sharp Transient Discharges
The occurrence of STD was observed in 102 (86.4%) neonates, of which 27 (26.5%) had favorable neurologic outcome and 75 (73.5%) had unfavorable outcome (Table 3) . STD were not significantly correlated with all neurologic outcome parameters (P ϭ 0.016, Tables 3 and 4). Epilepsy was found in 80 neonates with STD on follow-up and 22 had no seizures. STD were not correlated with epilepsy outcome (P ϭ 0.123). Among those who had STD, 43 neonates had positive sharp wave, of which 36 had unfavorable neurologic outcome (P ϭ 0.011) and 34 had epilepsy on follow-up (P ϭ 0.271). Most of the positive sharp waves originated from the temporal lobe in 26 cases and the rest from central rolandic area or both. Multifocal STD was observed in 73 with unfavorable outcome (P ϭ 0.022) and 78 with epilepsy (P ϭ 0.021), both statistically not significant. Focal STD that originated from single brain region was small number of cases which precluded analysis.
Ictal Epileptiform Discharges
This pattern occurred in 20 (17%) neonates, of which 18 (90%) had unfavorable neurologic outcome (P ϭ 0.029) and 16 (80%) had epilepsy on follow-up (P ϭ 0.057, Table 3 ). Of those with IED, electrographic seizures without clinical signs occurred in 13 (72%) and with clinical signs in 7 (28%). Most of the IED were multifocal pattern observed in 13 (72%) and focal in 7 (28%). All had predominantly slow ictal discharge frequency (Ͻ3 Hz/second), which lasted for Ͼ30 seconds.
Overall EEG Impression
Twenty (17%) neonates had normal and 98 (83%) had abnormal EEG impression (Table 3) . Seventy-seven with abnormal EEG correlated with unfavorable outcome (P ϭ 0.000); this including each of the neurologic parameters. Eighty of these neonates with abnormal EEGs and had neonatal seizures were correlated with epilepsy outcome (P ϭ 0.001, Table 3 ). Overall EEG impression sensitivity was 94% and specificity was 42%. The correlation of overall EEG impression was present for different types of clinical outcome parameters (Table 4) .
DISCUSSION
Despite changes in EEG recording technique and interpretation over the past few decades, we found that generalized EEG background suppression is clearly correlated with unfavorable clinical outcome. The correlation between etiology and clinical outcome did not reach statistical significance in this cohort (Table 2 ) and will require further study of specific etiologies (e.g., hypoxic ischemic encephalopathy). This is a retrospective study in which patients who returned for clinical follow-up between 4 and 16 years were analyzed. Many patients were lost due to lack of follow-up; this may be an important biasing factor requiring caution in the interpretation of the data. The study was done at a pediatric tertiary care hospital, so our cohort was likely biased toward abnormal outcome. Some EEG findings were limited to small numbers and insufficient for meaningful analysis (e.g., focal epileptiform and IED).
Our data demonstrated that abnormal EEG background is predictive of later epilepsy and unfavorable neurologic outcome, in agreement with the study by Rose and Lombroso (1970), Holmes et (1982) , Hrachovy et al. (1990) . Abnormal background correlated more specifically with abnormal neurologic examination and only weakly with development delay and school performance. Rose and Lombroso (1970) found that only five patients in their cohort had low-voltage EEG, and they concluded that when grossly abnormal EEGs occurred (i.e., flat EEG), there was only a 7% chance of normal development. Rowe et al. (1985) reported that the presence of low voltage, burst suppression, or electrocerebral inactivity was associated with poor outcome in 26 terms of 74 mixed neonatal cohort (29 preterm and 38 term neonates). In our study, we had 57 term neonates who had background suppression after excluding possible confounding factors (six neonates were thus excluded, although their inclusion did not change the results). Based on this significantly larger number of term neonates only, we demonstrated a correlation between background suppression and unfavorable neurologic outcome (Table 4) , thus significantly extending the findings previously reported based on smaller numbers with some findings being tentative (Holmes et al., 1982; Lombroso, 1985; Monod et al., 1972; Rose and Lombroso, 1970; Rowe et al., 1985) .
Other background parameters such as asynchrony and discontinuity were correlated with epilepsy outcome but only weakly correlated with neurologic outcome. Asymmetry and discordance were not correlated with any clinical outcome parameters, overturning some previous reports (Monod et al., 1972) . Sharp transient discharges were not correlated with any abnormal clinical outcome parameters, also reported previously by Holmes et al. (1982) and Rowe et al. (1985) . Positive sharp wave activity when occurred individually was not correlated with any clinical outcome parameters, similar to the report by Clancy and Tharp (1984) , clarifying previously unclear conclusions (Blume and Dreyfus-Brisac, 1982; Chung and Clancy, 1991; Clancy and Tharp, 1984; Lombroso, 1985) . Ictal discharges seen in 20 neonates correlated with unfavorable neurologic outcome in 18 (90%) (P ϭ 0.029) and epilepsy outcome in 16 (80%) (P ϭ 0.057): although these were not statistically significant because of small numbers, they were suggestive nonetheless.
Our cohort has several advantages over previous studies, such as large number, a homogenous group of term neonates, and long follow-up term (median 8 years) covering different aspects of clinical outcome parameters. Importantly, EEG findings were interpreted using currently accepted practice. Our results are generally compatible with those from previous prospective studies (Rose and Lombroso, 1970; Monod et al., 1972; Rowe et al., 1985) ; furthermore, we were able to show definitively that generalized background suppression was predictive of unfavorably neurologic outcome in term neonates. The significant correlation between EEG findings and clinical outcome over the 4 to 16 years range was maintained even with narrow age ranges (4 -7, 8 -11, and 12-16 years; see Tables 5 and 6 ).
CONCLUSION
Neonatal EEG is useful in predicting clinical prognosis. The presence of abnormal EEG background (particularly generalized suppression) during the first month of life may be predictive of unfavorable outcome. Overall impression of neonatal EEG (based on several parameters) may be predictive of outcome, even when individual parameters are not predictive. Other neonatal EEG parameters do not appear to be predictive of outcome. Our study clarified and extended results previously reported in the past few decades. 
